ABSTRACT: Ecophysiological characteristics of 2 life forms, resting spores and resting cells, produced from vegetative cells of the marine d~a t o m Chaetoceros pseudocurvisetus (Mangin) under nitrogen depletion were ~nvestigated. Carbon and sillcon were concentrated In resting spores to a greater extent than nltrogen and chlorophyll a (chl a) although the levels of nitrogen and chl a were similar to those in vegetative cells. Resting cells were similar in appearance to vegetative cells but with weakly pigmented, shrunken and fragmented chloroplasts, and contained slightly more slllcon, reduced nitrogen and chl a and similar amounts of carbon in comparison with the vegetative cells. Respiratory and photosynthetic activity was depressed In both resting spores and resting cells. Net photosynthesis was slightly positive in resting spores and slightly negative In resting cells. Both resting spores and r e s t~n g cells accumulated neutral lipids mainly composed of myristic (C,, "), palmitic ( C l e 0 ) and palmtoleic (C,,; ,) acids as a stored energy source with increased unsaturation of fatty acids. Resting spores also stored large amounts of glucose in reserved polysacchandes These charactenstics indicate that each life form represents a different degree of the adaptive restlng stage for survival under nutnent depletion
INTRODUCTION
Under fluctuating natural environments with various temporal and spatial scales, each planktonic algal population is expected to be exposed to both favorable and unfavorable conditions for growth and reproduction. Since planktonic algae are not mobile enough to select favorable conditions and to avoid unfavorable conditions by themselves, their lives will be strongly affected by environmental fluctuations. For each planktonic algal species to maintain population levels during such environmental fluctuations, it is essential to survive under unfavorable conditions as well as to grow actively under favorable conditions. Nutrient depletion is a harsh condition to which planktonic algae are occasionally or even frequently exposed in the sea. For the successful establishment of many planktonic algae under fluctuating nutrient conditions in the marine environment, some mechanisms may exist. In fact, several species of marine planktonic diatoms have been found to form resting spores associated with nutrient depletion (Drebes 1966 , Davis et al. 1980 , Garrison 1981 , Ishizaka et al. 1987 , Kuwata & Takahashl 1990 ). Furthermore, Kuwata & Takahashi (1990) have revealed that, in a planktonic diatom 1943). This species has recently been observed frequently in warm waters in the Japanese coastal region and its bloom has been reported to be common in some bays from autumn to spring (Takano 1990 ). It has also been found in locally upwelling water frequently occurring in the Izu Islands, Japan, where the nutrient environment changed greatly from eutrophy to oligotrophy within several days (Takahashi et al. 1986 , Kuwata & Takahashi 1990 .
Considering the actual concurrence of both resting spores and such vegetative-looking cells of this algal population in oligotrophic water, each life form might exhibit resting stages capable of surviving under nutrient depletion, which play a n important role for survival in natural water. To verify this possibility, ecophysiological characterization of both resting spores and vegetative-looking cells is required. However, there have been only a few studies evaluating some characteristics of resting spores and vegetative cells of diatom species (French & Hargraves 1980 , Doucette & Fryxell 1983 .
In this study, resting spores and vegetative-looking resting cells of Chaetoceros pseudocurvisetus are compared to vegetative cells with regard to survival under nutrient deficiency. Since reduction of metabolic activity and storage of energy were considered to be essential for the survival of many organisms (Sussman & Douhit 1973) , particular attention was paid to changes in metabolic activity and chemical composition during the transition from vegetative cells to resting spores or vegetative-looking cells formed under nutrient depletion.
MATERIALS AND METHODS
Preparation of 3 life forms by laboratory culture. Isolation of the unialgal strain of Chaetoceros pseudocurvisetus and maintenance of culture were described previously (Kuwata & Takahashi 1990) .
Algal samples were prepared in batch culture using 8 1 polycarbonate bottles at 24 f l S°C under a 14 h light: l 0 h dark lighting cycle (ca 600 pm01 m-' S-' provided by daylight-type fluorescent tubes). According to the previous study (Kuwata & Takahashi 1990 ), a Chaetoceros pseudocurvisetus population produces almost solely resting spores under depletion of nitrogenous nutrients with enough silicic acid (required Si/N molar ratio >9.3) or produces only vegetativelooking resting cells under concomitant deficiency of silicic acid and nitrogenous nutrients (required SUN molar ratio <3.1). To obtain the 2 different types of life form separately under nitrogen deficiency, the cells were grown in modified f/2 medium (Guillard & Ryther 1962) with 10 yM nitrate and 140 pM silicic acid for resting spores and 10 pM nitrate and 20 yM sillcic acid for vegetative-looking cells. Samples of vegetative cells were cultured in a modified f/2 medium containing nitrate (20 FM) and silicic acid (160 PM).
Culture media in polycarbonate bottles were autoclaved at 120°C under 2 atm, and cooled at least for 24 h at room temperature after autoclaving and before inoculating cells at the logarithmic growth phase at an initial concentration of ca 30 cells ml-'. All the cultures were preincubated for 1 d.
Samples for cell counting were all fixed with glutaraldehyde (2.5 % v/v) and settled in chambers before counting with an inverted microscope (Utermohl 1958) . Cell volume was estimated using the equation of Miyai et al. (1988) from cell length and width determined with 200 preserved cells for each sample, assuming an elliptical cylindrical shape for vegetative and vegetative-looking cells and an ellipsoidal shape for resting spores. Each sample for nutrient analysis was filtered through a cellulose acetate filter (Advantec, DISMIC-25cs) and nitrate and silicic acid determined colorimetrically according to Strickland & Parsons (1972) . Samples for chemical analyses of resting spores were collected from culture on Day 8 and those of vegetative-looking cells on Day 9 after inoculation into a fresh medium. Vegetative cells were harvested during the logarithmic growth phase on Day 4 .
Metabolic rate measurements. Rates of photosynthesis and dark respiration were determined by oxygen changes using the dark and light bottle method with the Winkler titration. Vegetative-looking cells and resting spores were prepared in the modified f/2 media as mentioned above. Vegetative cells were prepared in the medium containing initial concentrations of 50 pM nitrate and 150 pM silicic acid. To avoid overestimation of respiratory activity due to contamination by bacteria, preculture for resting cells and resting spores was rendered axenic by treatments with penicillin and streptomycin (Hoshaw & Rosowski 1973) . Vegetative cells were harvested during the logarithmic growth phase. Resting cells were taken 2 d after entering the stationary phase. Resting spores were obtained 4 to 6 d after their formation. Five bottles each were prepared for light, dark and control treatments. Two 100 m1 bottles were treated as light bottles, and the changes in chl a and cell concentrations were determined during the incubation. All the light and dark bottles were incubated for 3 h for vegetative cells, and for 14 h for resting cells and resting spores at 25OC. Light bottles were incubated under saturated light intensity p 2 0 0 pm01 m-2 S-') for photosynthesis provided by daylight-type fluorescent tubes.
Chemical analyses. Cellular organic carbon and nitrogen contents were determined with a CN analyzer (Sumlgraph NC80) by filtering algal cell samples on a Whatman GF/C glass fiber filter precombusted at 400 "C. Cellular silicon content was determined using the method of Paasche (1980) by filtering algal samples on a 0.6 pm pore size polycarbonate filter (Isopore, Millipore) Cellular chl a content was determined by fluorometry (Strickland & Parsons 1972) after extraction with N, N-dimethylformamide from sample retained on Whatman GF/C glass fiber filters (Suzuki & Ishimaru 1990) .
Samples for fatty acid and carbohydrate analyses were filtered on precombusted Whatman GF/C glass fiber filters. Each filter was put into a stoppered 10 m1 test tube, 3 m1 of chloroform and 1.5 m1 of methanol were added, and it was then sonicated for 15 min. The residue was separated from the extract by centrifugation. This treatment was repeated 3 times. Distilled water (4.5 ml) was added to the extract and then mixed vigorously. After the extract was separated into methanol.H20 and chloroform layers, the former (which contained low molecular weight compounds, around 200 dalton; Hama & Handa 1987 ) was removed by a pasteur pipette. The chloroform fraction consisted of lipid materials. After removal of chloroform under a supply of nitrogen, fatty acids were saponified using a benzene/0.5N KOH/methanol mixture, and then methylated using BF3-methanol at 100°C for 3 h. Fatty acid methyl esters were extracted with n-hexane and analyzed by gas chromatography (Shimadzu GC 14A, equipped with a flame ionization detector, and a Shimadzu C-R6A data system). A fused silica capillary column (HR-SS-10, 25 m X 0.25 mm i.d.; Shinwa Chemical Industries) was used with N, as carrier gas. Oven temperature was programmed to change from 120 to 230 "C at 3 "C min-' and held isothermally for 15 min. C*, was used as internal standard. Neutral lipids (free fatty acids and triglycerides), polar lipids, hydrocarbons plus sterolesters and diglycerides were separated by thin layer chromatography (TLC: Merck silica gel 60) by using n-hexane : ethyl ether: acetic acid (?0:30:1, v/v) as developing solvent. Fatty acids in each lipid class were determined as mentioned above.
The residue from chloroform and methanol extraction was suspended in 20 m1 of distilled deionized water and extracted at 100°C for 45 min. The suspension was filtered through a glass fiber filter and then washed with 5 m1 of distilled deionized water. This hot water extract, consisting mainly of reserved polysaccharides (Hama & Handa 1992) , was treated with l N H2S04 at 100°C for 5 h to hydrolyze oligo-and polysaccharides to monosaccharides. Monosaccharides of the methanol-soluble, hot-water-soluble and residual fractions were converted to their acetyl derivatives (Handa & Yanagi 1969) . Analyses of the acetyl derivatives of monosaccharides were performed by a gas chromatograph (Shimadzu GC 14A). An open tubular column, the wall coated with fused silica (OV-1701, 25 m X 0.25 mm i.d.; GL Science), was used with N2 as carrier gas. Oven temperature was programmed to change from 150 to 280°C at 4°C min-' and held isothermally for 15 min. Fatty acids and monosaccharides were identified by the retention time of authentic specimens and gas chromatograph-mass spectrometry (JEOL DX-302).
RESULTS

Formation of resting spores and resting cells
In the resting-spore formation culture, vegetative cells of Chaetoceros pseudocurvisetus (Fig. lA) , which dominated during the first 3 d in the population, increased exponentially at a rate of 1.6 d-' and reached a maximum of ca 20000 cells ml-l after 3 d (Fig. 2 ). Resting spores (Fig. 1B ) first appeared on Day 3 and increased rapidly over the next 2 d. Final resting spore yield was 96 % of the maximum vegetative cell numbers. The rest were vegetative-looking cells which had weakly pigmented, shrunken and fragmented chloroplasts (Fig. 1C) . Nitrate concentration decreased rapidly during the logarithmic growth phase to a minimum of 0.1 pM after Day 3. Silicic acid also decreased rapidly during the periods of both logarithmic growth and resting spore formation. The lowest concentration of silicic acid (27 pM) was encountered on Day 5 as resting spore formation nearly terminated. The molar ratio of silicic acid to nitrate consumed by the population in this culture was 12.
In the culture for vegetative-looking cell formation, logarithmic growth lasted for 3 d from the beginning of the experiment and a constant population density of ca 20 000 cells ml-' was maintained after Day 3 (Fig. 3) . Entering the stationary phase on Day 3, nearly 100% of normal vegetative cells turned into the vegetativelooking cells with weakly pigmented, shrunken and fragmented chloroplasts. Final yield of resting spores in this culture was less than 0.1 %. Nitrate concentration decreased rapidly accompanying the logarithmic growth and reached 0.6 PM on the Day 2. The concentration then slowly decreased to a minimum of 0.1 pM and remained at this low level. Silicic acid concentration decreased rapidly until Day 3 and reached a minimum of 0.1 pM. The molar ratio of silicic acid to nitrate consumed by the population in this culture was 2.3.
The vegetative-looking cells with weakly pigmented, shrunken and fragmented chloroplasts (hereafter referred to as 'resting cells') emerged in both cultured populations. The term 'resting cell' was originally proposed by Lund (1954) for some freshwater diatom cells resting due to lack of radiation at low temperature. study were formed due to an insufficient supply of nitrogenous and silicious nutrients, they a11 showed no 2 positive growth and had the above-mentioned characteristic morphoIogies which resemble the reported characteristics of a 'resting cell'.
Photosynthesis and dark respiration
Days
Photosynthetic and dark respiratory rates were determined each life resting 'PoreS~ resting Fig, 3 , chaetoceros p~eudocurvjse~us, changes in (A) concells and vegetative cells in the logarithmic growth centrat~ons of nitrate (0) and silicic acid (-) and (BJ density of phase ( Table 1) . Gross photosynthetic rates per cell of the whole population ( 0 ) in the resting cell formation culture resting spores and resting cells were almost the same and decreased to less than a thirtieth of that of vegetative cells. The decrease in photosynthetic rates normalized to chl a was a little less pronounced compared with per cell bases; 8 and 17 % in the resting spores and the resting cells relative to the vegetative cells, respectively. Dark respiratory rates also decreased significantly in resting spores and resting cells, reaching about 10 and 30% respectively of that of vegetative cells. Diel net photosynthetic rate of each life form was calculated using the obtained gross photosynthetic and dark respiratory rates under the 14 h: 10 h 1ight:dark cycle. Resting spores showed a positive but low net photosynthetic rate, 1.6% of that of vegetative cells, while that of resting cells was negative with an absolute value of 4 % of that of vegetative cells.
Major chemical components
Major chemical components of the 3 life forms were determined (Table 2 ). Resting spores contained 1.5 times more organic carbon but half as much organic nitrogen as vegetative cells. Resting cells contained almost the same amount of organic carbon and half the amount of organic nitrogen of vegetative cells. Then, the C:N ratio (by atoms) of resting spores was 4 times higher than that of vegetative cells, and 2 times higher than that of resting cells. Cellular chl a contents of resting spores and resting cells were far smaller than those of vegetative cells. Consequently, C:chl a ratios of both resting spores and resting cells became very much higher than those of vegetative cells.
The temporal changes of silicic acid consumption from logarithmic vegetative growth to the formation of resting spores or resting cells (Figs. 2 & 3 mulated carbon. Organic carbon compounds of the above-mentioned 3 life forms were paid particular attention, and were further analyzed in 3 major forms (e.g. fatty acids in lipids, and carbohydrates; Fig. 4 ). The fatty acid content of resting spores was more than 4 times that of vegetative cells, and the carbohydrate content was more than 5 times that of vegetative cells. Compared with vegetative cells, resting cells contained more than 2 times as much fatty acids, while the carbohydrate content did not differ significantly between the 2 types of cells. Fatty acids in lipids of resting spores and resting cells represented more than 15 % of total carbon content, while those of vegetative cells were less than 7 % . It is noteworthy that the carbohydrates of resting spores represented more than 75 % of total carbon content, while those of vegetative and restlng cells represented less than 30 %. Both vegetative and resting cells consisted mainly of other compounds, which reached about or more than 6 0 % of total carbon, while those of resting spores reached only 5 %. These other carbon compounds included mainly proteins, nucleic acids, and non-fatty acids in lipids.
Lipid components
Lipids were further separated into polar, neutral and other forms (hydrocarbon plus sterolester and diglyceride), and the results showed significant differences among the 3 life forms, particularly in polar and neutral lipids by carbon base of fatty acids (Fig. 5) . Both neutral and polar lipids were major components constituting 84 to 97 % of total lipids in all 3 life forms. Resting spores contained more than 6 times as much neutral lipids and more than 3 times as much polar lipids compared to vegetative cells. Resting cells contained more than 5 times as much neutral lipids and less than half as much polar lipids compared to vegetative cells. Neutral lipids occupied more than 80 % of total lipids for resting cells and more than 50% for resting spores, but only 35 % for vegetative cells. Polar lipids of resting spores and vegetative cells reached more than 40% of total lipids, while that of resting cells was only 9 %.
Fatty acids of total lipids were analyzed and found to be comprised mainly of 3 components, myristic (C14:0)r palmitic (C16-0) and palmitoleic (C16:1) acids, in all 3 life forms (Table 3) . These fatty acids occupied about or more than 70% of total fatty acids in the 3 life forms. However, cellular contents of these 3 fatty acids differed significantly. Resting spores contained over 5 times as much CI4 0, 2 times as much and 14 times as much CI6:1 fatty acids compared to vegetative cells. 
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Resting cells contained more than 3 times as much C14:0, 1.5 times as much C16:0 and 5 times as much fatty acids compared to vegetative cells. Each Life form contained a small amount of C18 fatty acids and polyunsaturated CZ0 fatty acids. The unsaturation ratio of fatty acids also differed significantly among the 3 life forms (Table 3) . Both resting spores and resting cells had higher unsaturation ratios than vegetative cells, and resting spores had the highest ratio in reference to C16 fatty acids, Cl* fatty acids and all fatty acids combined. Examining fatty acids in neutral and polar lipids separately, the majority (74 to 90 %) of neutral lipids were composed of C14:0, C16:0 and C16:1 fatty acids in all 3 life forms as found for the combined fatty acids (Table 4) . Large accumulations of these fatty acids in neutral lipids were eminent in both resting spores and resting cells. Resting spores also accumulated larger amounts of these 3 fatty acids in polar lipids than vegetative cells. The amounts of C,,, C,, and C18 fatty acids all deceased, but that of polyunsaturated C20 fatty acid slightly increased in polar lipids of resting cells compared with vegetative cells.
These results indicated that resting spores accumulated large amounts of both neutral and polar lipids, mainly synthesizing C14:0, and especially C16:1 fatty acids, while resting cells greatly accumulated neutral lipids, mainly composed of those 3 fatty acids, but reduced the contents of almost all fatty acids in polar lipids during the transition from vegetative cells. These 2 life form transitions were also shown to involve significant increases in unsaturated fatty acids.
Carbohydrate components
Carbohydrates were further separated into 3 fractions, methanol extraction, hot water extraction and residue, which were regarded as consisting of mono-/ oligosaccharides, reserved polysaccharide and cell wall components, respectively (Handa 1969 , Hama & Handa 1987 , 1992 . The carbohydrate contents of each fraction of resting spores showed significant differences compared with the other life forms. Resting spores contained 7 times more mono-/oligosaccharides, 5 times more reserved polysaccharides and 2 times more cell wall components than vegetative and resting cells (Fig. 6) . However, the proportion of each fraction in total carbohydrates did not differ much among the 3 life forms: about 20 % mono-/oligosaccharides, about 60 % reserved polysaccharides, and about 20 % cell wall components, although the proportion of mono-/oligosaccharides was slightly more and that of cell wall components was slightly less in resting spores than in vegetative and resting cells.
Analyzing monosacchande composition of total carbohydrates, resting spores showed significant differences compared with the other life forms. Carbohydrates of resting spores consisted mainly of glucose, which reached about 90% of the total carbohydrate and was 20 times more than in vegetative and resting cells (Table 5 ). Vegetative and resting cells contained When examined for each component of carbohydrates, significant differences in the amount of monosaccharides were also found between resting spores and the other life forms (Table 6 ). Resting spores contained much larger amounts of glucose in each component than the other life forms. About 90% of mono-/oligosaccharides and reserved polysaccharides and 60% of cell wall components of resting spores were composed of glucose. Each carbohydrate component of resting cells was similar in monosaccharide content and composition to those of vegetative cells. However, it was noteworthy that ribose was most abundant in mono-/oligosaccharides of vegetative cells, while glucose was most abundant in those of resting cells and resting spores.
These results indicated that resting spores accumulated large amounts of glucose in the form of mono-/ oligosaccharides, cell wall components and mainly reserved polysaccharides (mostly glucan) which occupied a large part of accumulated carbon. On the other hand, resting cells almost maintained similar contents and compositions of monosaccharides in mono-/ oligosaccharides, polysaccharides and cell wall components as the vegetative cells.
DISCUSSION
The term 'resting cell' was first adopted for diatom cells that had no positive growth, had distinctive cytological characteristics such as compaction of organelles as observed by Lund (1954) , and were found in lake sediments. The resting cells recovered when exposed to radiation (Lund 1954 , Sicko-Goad et al. 1986 ). The resting cells obtained in the present study had similar morphological characteristics to those mentioned above, and recovered to vegetative cells up to a certain time period when transferred to the environment suitable for vegetative growth (unpubl. results). It then became evident that a planktonic diatom population of Chaetoceros pseudocurvisetus produced 2 specialized life forms, resting spores and resting cells, depending upon differences in nutrient deficiency induced by nitrate as nitrogenous nutrient and silicic acid.
For planktonic algae to survive under conditions unfavorable for vegetative growth, such as nutrient deficiency, it is essential to maintain at least some metabolic processes until environmental conditions turn favorable. Dormant stages of a wide variety of organisms for survival under unfavorable growth conditions have been known to demonstrate reduced metabolic activity and accumulation of storage products (Sussman & Douhit 1973) .
Both resting spores and resting cells of Chaetoceros pseudocurvisetus exhibited low respiratory and photosynthetic activity (Table l) , although resting spores suppressed respiratory activity more than resting cells. Resting spores maintained slightly positive die1 net photosynthesis while resting cells maintained a slightly negative rate. The observed reduction of respiratory activity of the resting spores is supported by the studies of 5 other diatoms (French & Hargraves 1980) . Resting cells of another diatom, Amphora coffaeformis, formed in dark and cold conditions exhibit low respiratory activity relative to vegetative cells (Anderson 1976) . Similar low respiratory activity was also shown in akinetes of a cyanobacterium and resting cysts of a dinoflagellate (Chauvat et al. 1982 , Binder & Anderson 1990 .
The analysis of fatty acid composition revealed that resting spores and resting cells both accumulated larger amounts of neutral lipids than vegetative cells (Fig. 5) . Neutral lipids can be regarded as stored material to be used for the maintenance of basic metabolic processes until conditions improve, at which point the remaining neutral lipids could be available as an energy and carbon source for rebuilding the photosynthetic apparatus and other metabolic systems (Roessler 1990 ). Cysts of a chlorophyte and a chrysophyte were also revealed to accumulate lipids (Berkaloff & Kader 1975 , Lichtle & Dubacq 1984 . Ultrastructual examinations indicated that resting spores of Thalassiosira antarctica and resting cells of Amphora coffaeformis formed in darkness at a low temperature contain lipid droplets which were considered to be composed of neutral lipids (Anderson 1975 , Doucette et al. 1984 . Since resting cells contained similar amounts of organic carbon to vegetative cells (Table 2) , the carbon source for the newly synthesized neutral lipids in this life form can be partially explained by degradation of polar lipids (Fig. 5) . Such conversion from polar to neutral lipids during the transformation from vegetative to resting cells was also observed in the resting stages of some other algae (Berkaloff & Kader 1975 , Lichtle & Dubacq 1984 . Neutral lipids of resting spores and resting cells consisted mainly of saturated and monosaturated fatty acids, such as palmitoleic (C16:l), palmitic (C16:0) and myristic acids (Table 4) . Since saturated and monosaturated fatty acids provide more energy upon oxidation than polyunsaturated fatty acids, they possibly allow more efficient packaging of the storage lipids (Roessler 1990) .
Since neutral lipids contain higher energy (ca 9 kcal g-l) than reserved polysaccharides (4 kcal g-l) and can be stored in more concentrated form, it can be considered to be more advantageous to accumulate neutral lipids as storage compounds (Lehninger 1975) . However, resting spores of Chaetoceros pseudocum~setus accumulated a large amount of carbohydrates which comprised the major part of accumulated carbon, whereas the resting cells kept a similar composition of carbohydrates to that of vegetative cells (Fig. 4) . Furthermore, a large part (89 %) of carbohydrates accumulated in resting spores was glucose in mono-/ oligosaccharides and mainly glucan in polysaccharides (Tables 5 & 6 ). Handa (1969) showed that glucose and P-1-3 glucan were readily metabolized by dark respiration in the marine diatom Skeletonema costatum. Stored glucose and glucan in resting spores of C. pseudocum'setus would be available as an energy source for maintenance under nutrient deficiency. In fact, storage of glucan under nitrogen-limited conditions is a common phenomenon which has been observed in several marine diatom species (Myklestad 1974) and also in the natural algal community in the nutrient-depleted 'aged' upwelling area (Hama 1988) where resting spore formation of C, pseudocurvisetus is likely to occur (Kuwata & Takahashi 1990 ). Similar accumulation of carbohydrates also occurs in some other algal cysts, for example a blue green alga and a dinophyte (Sutherland et al. 1979 , Binder & Anderson 1990 .
Nutrient stress can be considered as particularly influencing planktonic algal life. For algal cells with arrested vegetative growth under nutrient deficiency in the euphotic zone, excess energy captured by photosynthetic apparatus can cause lethal photochemical damages (Belay & Fogg 1978) . To avoid this photochemical damage, curtailment of inputted photochemical energy and/or utilization of this excess energy for energy-consuming processes could be important. Observed nearly zero net photosynthesis, achieved by suppressing both photosynthetic and respiratory capacities of resting spores and resting cells, accompa-nied by the reduction of organic nitrogen and chl a differences of ecophysiological characteristics becontents, could be considered effective to avoid this tween resting spores and resting cells, each llfe form is damage (Tables 1 & 2 ) . Furthermore, synthesis and expected to exhibit different behaviors and plays a unsaturation of fatty acids require photosynthetically specific role in the maintenance of a spore-forming produced ATP and NAD(P)H, and can be regarded as diatom population under various nutrient fluctuations processes consuming excess photochemical energy.
in (1983) have previously pointed out that the formation of resting spores costs one or more cell divisions in terms of f~nal cell yield, it has become clear that acquisition of a large amount of silicate is the cost. The formation of resting spores involves greater suppression of respiratory activity and larger loading of storage products, leading to the profoundly dormant stage, while resting cell formation together with smaller changes in both metabolic activlty and cellular component leads to a resting state which requires the consumption of small amounts of cellular carbon to survive. Since resting spores of this alga and many other diatoms have heavily sillcified frustules (Hargraves 1976) , acquisition of a large amount of silica can be considered to be a general condition for resting spore formation of diatoms. Consequently, the formation of 2 different dormant cells, resting spores and resting cells. within the same ~owulation, as revealed in
